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The technical r a d i o  services broadcast continuously by the National 
Bureau of Standards, Central Radio Propagation Laboratory, have been 
extended to include four additional radio carrier frequencies (20, 25, 30 
and 35 megacycles), 
been increased fivefold; it is now bettm than a part in 5O,COO,OOO. 

The accuracy of standard frequencies as broadcast has 

A tote1 of eight radio frequencies (2,5, 5 ,  10, 15, 20, 25,  30 and  35 Mc) 
is now given. 
and night. This insures reliable coverage of the United States end extensive. 
coverage of o the r  parts of the world, 

Seven o r  more transmitters are on the air at all times, day 

The services are: (1) standard radio frequencies, (2)  time announcements, 
(3)  standard time intervals, (4) standard audio frequencies, ( 5 )  otmderd 
musical pitch, UO cycles per second, corresponding to A above middle C, 
( 6 )  radio propagation distnrbance warnfag notices. 
are useful f o r  field intensity recording by persons interested in studies of 
radio propagation. 
for this purpose, 

A11 of the frqucncies 

The four highest frequencies are broadcast perticularly 
The radio frequencies and other data are: 

Radio Time Power+ Audio 
frequency, broadcast output , frequency, 

megacycles per se_c_o_n_d EST - - L  kilowatts cycles per second 

2.5 7 9 1  PM to 9t00 M 440 
wra 5 

5 
7:oo m to 7:oo BM 
7:oo AM to 7noo m 

10 - - 
20 - 
25 0.31 - 
30 * - r5 440 and 4000 

35 - - J w M A U ! a P  0.1 440 

The station call letters ( W V )  and other aimourcements in voice are given 
each hour and half hour. 

For Information on quality of reception as influenced by distance, 
carritr frequency, tin!e of day, etc,, set  part 7 of this announcement, 

The Biireau welcomes reports on reception, methods of use9 or special 
applications of the aervice, particularly with rcfornnee to the higher fre- 
quencies which have been recently added, Correspondence should be addressed 
*vertical aon-directional antennas ere used, 

--*- --- 



Central Radio Propagation Laboratory, National Bureau o f  StiindarSs 
Washington, 25, D. C. 

1, Standard Radio Frequencx 

The n a t i o n a l  standard of frequency i s  o f  value i n  r ad io ,  e l ec t r an ic ,  
accous t i c ,  and o t h e r  meaeurements retpirinc an accurate frequency, Any 
d e s i r e d  radio frequency. including microwave frequencies ,  may be accura t e ly  
measured i n  terms o f  the standard frequencies .  Th i s  m a y  be done  by the aid. 
of  one o r  more a u x i l i a r y  o s c i l l a t o r s ,  harmonic generatorsD and rcuiio receiv- 
ere. The accuracy o f  each o f  tfie radio carrier frequencies, as t r ansmi t t ed ,  
i s  b e t t e r  than a part i n  5Q,COO,OOO, 

The audio frequencies  are i n t e r r u p t e d  precisely on the hour m d  each 
f i v e  minutes t h e r e a f t e r ;  a f t e r  an h t e r v a l  o f  precisely cncp minute they are 
re  8 ume d 

The beginnings o f  t h e  pe r iods ,  when t h e  audio frequencias  are i n t e r r u p t e d ,  
are i n  agreement with t h e  b a s i c  time eervfcs  o f  the U , S ,  Xaval Observatory 
so that they mark a c c u r a t e l y  the hour and t h e  successive 5-minute yer€oda,  

Eastern standard tilne is ann9:mced i n  t e l e s r a p h i c  code each f i v e  minutes. 
T h i s  provides  a quick reference t o  c o r r e c t  time where PL t h e p i e c e  nay be fn 
error  by a few minutee,  The zero- to twenty-faus--hour syatem is used s ta r t .  
i n g  with 0000 a t  midnight, The firsL two fi!:ures give t h e  h o w  and t h e  Last 
two figurea g i v e  the number o f  minutes p a t  the hour ,  
4:55 Phi9 o r  165.3 EST, four f i g i s e s  (1, 6 ,  5, and 5 )  ere bmaclcast i n  coda, 
The time annoimcernent re fe rs  to  tne start o f  an anaouneerriefit interval.,  i o @ , ,  
when the audio f requencies  are i n t e r n p t e d ,  It occur8 immediately after t l n r  
beginning o f  each five-minute i n t e r v a l .  A t  t h e  hour and half--hclir I t  i s  
f o l l o w x l  by t he  station announzemsct in voice ,  

3'01. example,  at 

There i s  on each c a r r i e r  froquency a y u i s e  o f  0,005- second durat ion 
which occurs a t  i n t e r v a l s  o f  p rec i se ly  one seconci, 
f i v e  cycIe6, each of  0,001-second duration, and i s  heard a8 a faint tick 
when l i a t e n i n g  t o  t h e  broadcast; i t  provides a usef:il standard time interval,  
f o r  purposes o f  phyeical measurement 8 and for quick and accurate measurement 
o r  calibration of  timing devices b r  very law frequency o s c i l l a t o r s ,  I t  may 
b e  used as an accu ra t e  time s i igna l ,  On the 59th  sscc;nd of every minute t i ip  
2ulss is omitted. The l - a inu te ,  4 q i n u t e .  and Ei-~~ixnute i itervala,  s:mchron- 
i z e d  with t h e  second8 pu l ses ,  are marked by the beginnine: or endfnc of the 
perfoda when the audio frequencies  arc o f f .  

Y?ie pulse c o n s i s t s  o f  

A tiqe i n t e r v a l  o f  one second marked by t h e  pulse is accurate ,  as trans- 
mitted,  t o  one microsecond ( 3  0,000 001 second), 
i n t e r v a l  i s  accu ra t e  to  a p a r t  ir. 5O,OQO,OOO, 

A two-minute o r  longer 



The one-minute i n t e r v a l  is provided i n  o r d e r  t o  qive time and s t a t i o n  
announcements and t o  afford. an i n t e r v a l  f o r  t h e  checkinp; o f  radio-frequency 
measurements free from the presence! of' the audio frequencies ,  

Two standard audio freyuenciefi, 410 cyc le s  per second and 4000 cyc le s  
per second, are broadcast .  They are giver, on radio c a r r i e r  frequencies as 
s : o m  i n  tho t a b l e  on page 1, 

The two s tandard audio frequencies  a r e  u s e f u l  f o r  accu ra t e  measurement 
o r  c a l i b r a t i o n  o f  instruments ope ra t ing  i n  the  audio O F  supersonic regions 
o f  the frequency spectrum. %hey mar also  be used f o r  acci imte measurement 
o f  s h o r t  time intervn1.s 

The accuracy o f  the audio frequenciefi, a3 t r ansmi t t ed ,  i s  bet ter  than 
Transmission e f f e c t s  i n  t h e  medium (Doppler affect ,  a p a r t  i n  50,000,000. 

e t c . )  may r e s u l t  at times i n  s l ight  f l u c t u a t i o n s  i n  the audio frequencies  
as received; t he  average frequency received is ,  however, as accura t e  a6 t h a t  
t ransmit ted.  

The 440 cyc le s  p e r  second i s  t h e  s tandard musical p i t c h ,  A above 
middle C, It  i s  broadcafit f o r  f o u r  minutes and i n t e r r u p t e d  f o r  one minute 
&nd t h i s  sequence i s  repeated continuously on each o f  t h e  radio c a r r i e r  fre- 
quencies, This s e r v i c e  i s  use fu l  t o  musicians and those concerned with the 
manufacture or maintenance o f  musical instruments,  Since 1925 t h e  s tandard 
i n  t h e  music indus t ry  o f  the  U , S .  has beer, 440 c / s .  

A warning o f  radio propagation condi t ions is orcjadcast i n  code on each 
of t h e  s tandard r ad io  c a r r i e s  frequencies at twenty and f i f t y  minutes p a s t  
the hour. If a warninE is in ef fcc t ,  a series o f  "Wus" ( i n  the  t e l eg raph ic  
code) follow the time announcement; i f  110 warning is i n  e f f e c t ,  a series of 
lrND s" ( i n  t e l eg raph ic  code) fol low the  t ime announcement 

A warning mean8 t h a t  radio pro9agi t ion dis turbance i s  a n t i c i p a t e d  
within 12 hours,  o r  is i n  progrms, with i t s  most severe e f f e c t s  on r ad io  
transmission pa ths  crossing the Mortl-. A t l a n t i c ;  i .e .  t hose  paths f o r  
which the con t ro l  p o i n t s  of transmission l i e  i n  o r  near  t h e  northern 
a u r o r a l  zone. Radio prcpagation dis turbance i s  cha rac t e r i zed  by low 
i n t e n a i t i e a ,  accompanied by f l u t t e r  o r  rapid fadirig on the normal fre- 
quencies used at the  d i f f e r e n t  times o f  the day, or by complete blackout 
o f  s i g n a l s .  By s h i f t i n f :  t o  lower than normal f requencies  f o r  that time o f  
d a y  i t  may be p o s s i b l e  t o  g e t  signals through, although with lower than 
normal i n t e n s i t y .  Owin&: to  increased auroral  -zone absorpt ion during t h e  
dis turbance,  however, i t  nay be i nposs ib l e  t o  have usable  transmission on 
any high frequency. A l s o ,  dur ing a period o f  radio propagation dis turbance 
d l r ec t ion - f inde r  observat ions may be u n r e l i a b l e .  



If no warning i s  i n  e f f e c t ,  s a t i s f a c t o r y  transmission should be pos- 
s i b l e  on tho normal f requencies  f o r  the d i f f e r e n t  times o f  day. 

The usual d a i l y  time fQr  changing t h e  announced warning is 2100 GMT 
(4  PM, E T ) .  The warning i s *  however, issued a t  any hour when d i s -  
turbance become8 not iceable  o r  ant iCipatQd,  The announcement is re turned 
t o  normal whenever condition3 8eem q u i e t ,  Thus any time a radio ope ra to r  
questions recept ion on l lor th  A t l a n t i c  pa ths ,  i t  would be  adv i sab le  &o 
cheek with t h e  WWV announcement t o  SBQ whether condi t ions are considered 
by t h e  Bureau s u f f i c i e n t l y  diaturbed to  make a warning d e s i r a b l e ,  

Some one  of  t h e  frequencies  o f  WWV should be r ece ivab le  at every 
l o c a t i o n  i n  the United S t a t e s ,  Only during very severe storms would re- 
cep t ion  o f  WW within the con t inen ta l  United S t a t e s  be d i f f i c u l t .  For 
some Canadian o r  o t h e r  users f o r  whom t h e  tranamiasion pa tk  from WWV 
e n t e r s  I n t o  o r  nea r  t he  northern aurora3 zoneY i t  may be impossible t o  
r ece ive  any o f  t h e  WWV frequencies a t  usable  i n t e n s i t i e s  during even 
moderate storms. It i s  probable,  if no WWV frequency can b e  heard at 
hours when normally audible ,  t h a t  a warning i s  i n  e f f e c t .  

The use  of  WWV f o r  i s su ing  the BureauQs North A t l a n t i c  radio din- 
turbanee warning makes the  aervics a v a i l a b l e  t o  a l l  u s e r s  of high- 
frequency receivers .  The s e r v i c e  should be o f  use i n  explaininF: OP 
a n t i c i p a t i n g  radio propagation condition8 e x l s t i n g  over North A t l a n t i c  
pa ths  i n  p a r t i c u l a r ,  and even on pathe within the con t inen ta l  United 
S t a t e s  durinq severe radio propagation disturbancos.  

The radio dis turbance warning doe8 c o t  apply t o  sudden ionospheric 

This type of  
dis turbances,  which are unpredictable ,  These occur only a t  t tms  when 
at least p a r t  o f  t h e  t rananisaion path is i n  sun l igh t ,  
diaturbanee i a  cha rac t e r i zed  by t h e  received i n t e m i t y  dropping t o  zeroo 
very r ap id ly ,  u sua l ly  w i t h i n  R minute o r  s o s  and remaining out from a 
few minutes to  two hours. The e f f e c t  i s  g r e a t e r  on t h e  lower high 
frequencies ,  and on  paths  c l o s e  t o  t he  equator o r  whose con t ro l  p o i n t s  
are c lose  t o  noon, 
sudden ionosphere disturbanco i s  by V L F  o r  by ground waves over  sho r t  
paths .  The use o f  t he  highest  frequency a v a i l a b l e ,  as loog as i t  16  
below the maximum usable  frequency f o r  t h e  pa th  i n  question, may shorten 
t h e  durat ion of t h e  fadeout.  During the next few yea r s ,  while approach- 
i n g  sunspot m a x i m u m  these sudden ionosphere dis turbances w i l l  i nc rease  
i n  i n t e c s i t y  and frequency o f  occurrecce.  
on t h e  sun, more o f  which a r e  obnerved during the  years  axound eunepot 
maximum e 

Usually the only tranami8sion p o s s i b l e  during a 

They a r e  ca-ased by erupt ions 

7, Distance Range of__r(eceution 

O f  the  radio frequencies on the air a t  a given time, t h e  lowest 
provides se rv i ce  t o  sho r t  d i s t a n c e s ,  and the  highest  t o  great dis-  
tances. Hel iable  reception i s  i n  general  pose ib l e  at al l  times through- 
out t h e  United S ta t e8  and t h o  1Jorth A t l a n t i c  Ocean, and fa i r  recept ion 
throughout t h e  world. One should s e l e c t  t he  frequency that gives b e s t  
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recept ion at any p a r t i c u l a r  place and time. 
methods : 

This can be done by two 

a. By tuning to the  d i f f e r e n t  f requencies  and s e l e c t i n g  t h e  one 
most s u i t a b l e  at t h a t  time. 
propagation pa th  lower f requencies  than those used durlng the day 

' a r e  usua l ly  necessary because of  ekip,  but received i n t e n s i t i e s  on 
thoee frequencies  are much g r e a t e r  than for daytime condi t ions.  

For night-t ime condi t ions  over t he  

b, By making uee of techniques o f  p red ic t ion  of usable  f r e -  
quenci es.  

In s p i t e  o f  t he  g rea t  number of va r i ab le s  a f f e c t i n g  radio wave propa- 
ga t ion  and d i s t ance  range, techniques e x i s t  f o r  the p red ic t ion  o f  usable  
f requencies  over any s p e c i f i c  path during any f u t u r e  month. By means of 
such techniques and the  Central  Radio Propagation Laboratory's  forecas t  
s e rv i ce ,  i t  is  poss ib l e  for a u s e r  t o  prepare for his  l o c a l i t y  a graph or 
t a b l e  showing the  best frequency for any period o f  the  day i n  any month, 
t h r e e  months in advance. Monthly publ ica t ions  g iv ing  these  techniques 
and f o r e c a s t s  may be obtained by wr i t ing  t o  Central  Radio Propagation 
LaboraQory, National Bureau o f  Standards,  Washington 25,  D. 0 .  

For continuous %-hour recept ion without a break, the  use of more 
than one r ece ive r  and antenna i s  necessary,  With s k i l l e d  opera tors  to  
a n t i c i p a t e  times f o r  frequency s h i f t i n g  and with schedule8 prepared as 
under (b) above as a guide,  i t  may i n  some cases  be poss ib le  t o  opera te  
continuously with two rece ivers .  Por maximum c e r t a i n t y  o f  recept ion i t  
is necessary t o  employ as many rece ivers  as the re  a r e  rece ivable  WWV 
f requencies  at t h e  loca t ion ,  leaving them a l l  i n  ope raa im cont inuourly 
and combining t h e i r  outputs .  

%he world map on t h e  cover 8heet i s  a modified reproduction o f  a 
l a r g e r  map suppl ied by the  Navy Department, Hydrographic Off ice .  It  
g ives  d i r e c t l y  asimuths and g r e a t  c i r c l e  d i s t ances  from s t a t i o n  WWV 
t o  a l l  p o i n t s  on the e a r t h * s  sur face .  
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